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ABSTRACT
The object of this study was to investigate possible 
correlations between thyroid histology and reproductive 
function in the prairie deermouse (Peromvscus maniculatus 
bairdii) and the white-footed mouse (Peromvscus leucopus 
noveboracensis). Inhibited and proven animals of both sexes 
and both species were compared with each other and with 
propylthiouracil (PTU) and triiodothyronine (T3) treated 
animals. PTU was administered to achieve an increase in 
Thyroid Stimulating Hormone (TSH) and T3 was administered to 
achieve a decrease in TSH. Measurements of body and paired 
reproductive organ weights of all animals were measured and 
evaluated. Follicular cell height, total follicular area, 
colloid area, and follicular cell area of the thyroid gland 
were measured and evaluated.
Inhibited animals had significantly smaller reproductive 
organs than proven animals in both species and both sexes. 
Compared with proven animals, inhibited animals in both sexes 
of P. maniculatus and P. leucopus males had significantly 
smaller body weights.
Histological comparisons demonstrated that PTU-treated 
animals had a significantly larger thyroid follicular cell 
height and cell area than T3-treated animals. In P. leucopus, 
PTU-treated females had a significantly larger total 
follicular area than T3-treated females and PTU-treated males 
had significantly larger total follicular and colloid areas 
than T3-treated males. There were no differences in histology 
between inhibited and proven animals in both species and both 
sexes. However, upon subsequent comparisons within inhibited 
animals, differences between mean follicular cell height were 
found, indicating that animals that are reproductively 
inhibited receive less TSH stimulation of the thyroid gland.
THYROID HISTOLOGY AND REPRODUCTIVE FUNCTION IN THE PRAIRIE 
DEERMOUSE AND IN THE WHITE-FOOTED MOUSE
INTRODUCTION
Control of laboratory population growth in the prairie 
deermouse (Peromvscus maniculatus bairdii) occurs at widely 
different numerical levels in populations maintained under the 
same conditions of the physical environment and provided with 
excess food and water (Terman, 1965). This control is 
achieved by one of two means: either failure of young to
survive, or cessation of reproduction (Terman, 1969). 
Reproductively inhibited population animals have often 
exhibited significantly smaller reproductive weights compared 
with reproductively capable control animals (Terman, 1969; 
Sung et al. , 1977; Bradley and Terman, 1981 a, b, c; Coppes 
and Bradley, 1984; Peebles et al., 1984; Pitman and Bradley, 
1984).
A hyperfunctional pituitary-adrenal axis induced by 
stress has been suggested as a possible cause of reproductive 
inhibition in some rodents (Christian 1950, 1955, 1956). This 
occurs through an increased release of ACTH from the anterior
2
3pituitary which, in turn, alters adrenal gland function 
(Christian 1950, 1955, 1956). Reproductively inhibited P.
maniculatus do not exhibit elevated serum ACTH concentration 
(Coppes and Bradley, 1984) or adrenal hypertrophy (Terman, 
1969; Bradley and Terman, 1981a; Coppes and Bradley, 1984;
Rouleau, 1990). However, elevated serum corticosterone 
concentrations have been found in reproductively inhibited P. 
maniculatus compared with controls (Sung et al. , 1977; Bradley 
and Terman, 1981a).
An explanation for this apparent paradox is the 
possibility that high concentrations of corticosterone are due 
to an increase in corticosteroid-binding globulin (CBG) and/or 
decreased hepatic clearance and metabolism (Bradley and 
Terman, 1981a). Previous studies (Terman, 1969; Sung et al. , 
1977; Bradley and Terman, 1981a; Coppes and Bradley, 1984;
Rouleau, 1990) indicate that altered adrenal function is not 
the sole cause of reproductive inhibition in this species, but 
rather an interaction of endocrine factors may be responsible.
The thyroid hormones, thyroxine (T4) and 3,5,3'-^ 
triiodothyronine (T3), are synthesized from iodinated tyrosyl 
residues of thyroglobulin in the thyroid gland (Taurog, 1986). 
Thyroid hormones produce effects in adult mammals that differ 
qualitatively from tissue to tissue (Shambaugh, 1986). For
example, thyroid hormones enhance lipolytic activity in
4adipose tissue (Shambaugh, 1986), modulate gonadotrophin 
secretion from the pituitary (Shambaugh, 1986), stimulate 
respiratory oxygen consumption and heat production (Gorbman, 
1986), and are necessary for sexual development and normal 
reproductive function (Hagino, 1971; Ingbar, 1981).
In mammals, the thyroid gland consists of two lateral 
lobes connected by an isthmus. The isthmus crosses the 
trachea just below the cricoid cartilage (Bloom and Fawcett, 
1975). The functional unit of the thyroid is the follicle, 
a spherical ball lined with epithelium which forms a 
continuous cell layer around the central mass of colloid 
(Bloom and Fawcett, 1975; Tice, 1977). The colloid stores 
thyroid hormone precursors, the secretory product of the 
epithelium (Bloom and Fawcett, 1975; Tice, 1977). Thyroid 
hormones are synthesized in the colloid and secreted into the 
bloodstream through the follicular cells (Taurog, 1986).
A hypofunctional thyroid gland has a negative effect on 
the reproductive axis in many species. In many laboratory 
animals, hypothyroidism interferes with the growth of ovarian 
follicles and with ovulation (Vande Wiele and Ans, 1971). 
Hypothyroidism in female rats, induced by thiouracil (an 
antithyroid drug), resulted in a tendency to resorb litters 
and none delivered litters if fed the drug for more than 84 
days (Seegar et al., 1946). Treatment with thiouracil caused
5male mice, rabbits and rams to exhibit decreased libido and 
ejaculates, atrophic and degenerative changes in the 
seminiferous tubules of the testes, and prevented the onset 
of sexual maturity (Maqsood and Reineke, 1950? Maqsood, 1951).
Hypothyroidism may be a factor involved in reproductive 
inhibition of P. maniculatus. Experiments done by Peebles et 
al. (1984) and Pitman and Bradley (1984) suggest that
reproductively inhibited P. maniculatus selected from 
laboratory populations have reduced thyroid activity. 
Inhibited population females tended to have or had 
significantly lower mean serum thyroxine and triiodothyronine 
concentrations compared with control females and mean serum 
thyroxine and triiodothyronine concentrations for inhibited 
population males were significantly lower than control males 
(Peebles et al., 1984; Pitman and Bradley, 1984). Peden
(1988) also found that serum thyroxine concentrations were 
significantly lower in Peromyscus leucopus inhibited 
population males and tended to be lower in population females 
than control animals.
Pitman and Bradley (1984) found a sex based difference 
in a morphometric analysis of thyroid histology in P. 
maniculatus. Population males had a significant decrease in 
cell height and area compared with control males. Population 
females had significantly larger follicular and colloidal
6areas than control females. Based on these data, Pitman and 
Bradley (1984) suggested that population male thyroid glands 
receive less TSH stimulation than control males and that TSH 
levels may be elevated in population females. These 
conclusions were based on a morphometric analysis of P. 
maniculatus reproductively inhibited animals selected from 
growing laboratory populations and reproductively capable 
controls. Histological analyses of P. leucopus have not been 
made prior to this study.
The preferable method of differentiating between primary 
and secondary hypothyroidism is evaluation of serum Thyroid 
Stimulating Hormone (TSH) by radioimmunoassay (RIA) (Pierce, 
1986). However, repeated attempts to develop a valid RIA for 
P. maniculatus serum have been unsuccessful. The commercially 
available antibodies made from rat and human sera do not 
cross-react adequately with P. maniculatus TSH (Martineau, 
1988). Therefore, the question of elevated versus suppressed 
levels of TSH remains unresolved, as well as the extent to 
which thyroid histology reliably reflects suppressed levels 
of thyroid hormones and reproductive state.
This investigation was designed to find out if thyroid 
gland histology in one or both species of Peromvscus was 
correlated with the lower serum thyroid hormone concentrations 
previously reported in both species and whether this might be
7related to reproductive condition. There were four 
experimental groups for each species: reproductively proven,
reproductively inhibited selected from assembled populations, 
PTU-treated, and T3-treated.
Propylthiouracil (PTU) is a thiourylene antithyroid drug 
which induces hypothyroidism characterized by an increase in 
TSH concentration (Griessen and LeMarchand-Beraud, 1973; 
Takayama et al. , 1986). PTU blocks thyroid hormone synthesis 
by interfering with thyroid peroxidase (TPO), an enzyme 
necessary for the iodination of thyroid hormone precursors 
(Taurog, 1976; Nakashima et al, 1978). In vitro. PTU has been 
found to inhibit TPO catalyzed coupling of 3,5-diiodotyrosine 
to form T4 (Engler et al. , 1982). PTU also inhibits the
conversion of T4 to T3 in peripheral tissues (Oppenheimer et 
al., 1972; Frumess and Larsen, 1975; Weiss and Burns, 1988). 
The resulting decrease in circulating thyroid hormones causes 
an increase in TSH release from the pituitary.
Exogenously administered T3 induces a decrease in TSH 
concentration. T3 is believed to be the metabolically active 
form of the thyroid hormones. This includes the negative 
feedback control mechanism of thyroid hormones on the 
pituitary (Frumess and Larsen, 1975; Gaitan, 1988; Emerson et 
al. , 1989). Exogenously administered T3 induces reduced
8thyroid gland activity by exerting negative feedback control 
over the pituitary, suppressing TSH secretion (Tice, 1977).
Despite the present inability to measure serum TSH 
concentrations directly by RIA, thyroid histology might be 
correlated with altered TSH levels as produced by PTU- and T3- 
treatments. Comparisons between reproductively inhibited, 
proven controls, and animals with elevated versus suppressed 
serum TSH concentrations (PTU- or T3- treatments, 
respectively) may provide an indirect measurement of relative 
levels of TSH in inhibited and control animals. If 
reproductively inhibited animals are hypothyroid, the 
histology of the treated animals may aid in distinguishing 
between a hypothyroid condition accompanied by increased TSH 
or a hypothyroid condition accompanied by suppressed TSH.
MATERIALS AND METHODS
Assembled Populations
The animals used in this study were the prairie 
deermouse, Peromvscus maniculatus bairdii, and the white­
footed mouse, Peromvscus leucopus noveboracensis. from two 
laboratory colonies. No sibling matings were allowed in the 
colonies. All animals were maintained in a manner identical 
to that described by Pitman and Bradley (1984) . The light 
cycle was 14 hr (0700-2100 hr) of bright light provided by 
four 40-W fluorescent tubes and 10 hr. of darkeness. All 
animals were provided with food (Agway Prolab 3000) and water 
ad libitum. Yearly animal room temperature fluctuations were 
maintained between 21 and 30 degrees Celsius. Room air was 
replaced five to ten times per hour, depending on temperature. 
Colony animals were housed in plastic cages (28 x 12.7 x 15.4 
cm) with wood shavings as bedding. Young were kept with their 
parents until weaning, when they were placed in separate cages 
with their littermates of the same sex.
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Four populations were assembled, two of each species. 
A total of thirty animals, fifteen males and fifteen females, 
were used to assemble each population. Populations numbered 
300 and 400 each consisted of fifteen pairs of P. maniculatus 
siblings from different parents, each pair including one male 
and one female. Animals selected were between the ages of 60 
and 90 days old. Populations numbered 700 and 800 each 
consisted of fifteen pairs of P. leucopus siblings from 
different parents, each pair including one male and one 
female. Animals selected were between the ages of 3 0 and 95 
days old. The selected animals for each assembled population 
were toe-clipped for identification, placed in a plastic cage 
for approximately 3 0 minutes, and then put in a population 
enclosure.
Animal Maintenance
I. Assembled populations
Population enclosures were 1.5 m in diameter and 0.75 m 
high. The enclosures contained six plastic nest boxes, 
arranged in a circle, and wood shavings as bedding. The 
bedding was left unchanged throughout the experiment. 
Populations were given food (Agway Prolab 3 000) and water ad 
libitum. Population checks were done every two weeks to 
monitor the reproductive status of the animals. Females were
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noted as having perforate or imperforate vaginae and males 
were noted as having scrotal or non-scrotal testes. The rooms 
were kept on a 14:10 light:dark cycle (the dark cycle was from 
0700-2lOOh EST) and the temperature was kept between 20 and 
3 0 degrees Celsius.
Four males and four females from each population were 
selected to be evaluated. The criteria used for selection of 
these animals was a consistent history of non-scrotal testes 
or imperforate vaginae and an age range between 135 and 145 
days old. At the time this study began, assembled populations 
of P. maniculatus were already available at the age of 175 + 
13 days old. Therefore, sampled P. maniculatus inhibited 
animals were slightly older than all other animals used in 
this study. Populations 300 and 400 were sampled 104 days 
after being assembled. No evidence of reproduction (young or 
lactating females) had been observed during this period. 
Populations 700 and 800 were sampled 108 days after being 
assembled. No evidence of reproduction had been observed 
during this period. Animals sampled from populations 700 and 
800 were 143 ± 2  days old. All four populations were
monitored for four weeks after sampling was completed for any 
evidence of reproduction. During this period reproduction was 
noted in only one population (number 700).
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II. Proven animals
Seven non-sibling males and seven non-sibling females 
from the two colonies were paired between 75 and 90 days of 
age and housed as bisexual pairs in plastic cages (28 x 12.7 
x 15.4 cm) with wood shavings as bedding. The bedding and 
ages were changed every two weeks. Food (Agway Prolab 3 000) 
and water were given ad libitum. Physical environmental 
conditions were the same as for population animals. Pairs 
were separated and housed individually after the first litter 
was removed and every four days the male and female were 
switched so that each would be stimulated by the other's 
bedding and females would continue a normal ovulatory cycle. 
Proven animals were sacrificed at 140 ± 7 days old. Females 
were not evaluated until they had been without pups for at 
least 15 days.
III. Treated animals
Each treatment group consisted of seven males and seven 
females from each species. The animals were housed 
individually in plastic cages (28 x 12.7 x 15.4 cm) with wood 
shavings as bedding. The bedding and cages were changed every 
two weeks. Physical environmental conditions were the same 
as for population animals. Treatment began at 110 days old 
and ended when the animal was sampled at 14 0 + 2 days old.
13
Triiodothyronine (T3) was administered in the food for 
3 0 days. The procedure followed was patterned after the 
procedure used by Hogg (1989). Powdered T3 (1.25 mg) was 
mixed with 200 g of powdered dextrose in a Waring blender. 
Then 20.2 g of the resultant mixture was blended with 980 g 
of powdered food (Agway Prolab 3 000). Water was added to 
this, resulting in a doughy mixture which was shaped into 
approximately 1 in. x 1 in. squares. These squares were 
placed on foil and kept refrigerated until fed to the animals. 
The final dosage was 125 ng of T3 per gram of food, equal to 
half the dose used by Hogg (1989). T3-treated animals were 
provided with treated food and untreated tap water ad libitum.
Propylthiouracil (PTU) was administered in the drinking 
water for 3 0 days at a dose of 0.01% (Griessen and LeMarchand- 
Beraud, 1973? Cooper et al. , 1983). Powdered PTU was
dissolved in distilled water at a ratio of 0.1 g PTU to 1 
liter of water. The pH was adjusted to 8.0-8.5 by adding 40% 
NaOH dropwise (Zarrow et al., 1964). PTU-treated animals were 
provided with PTU water and untreated food (Agway Prolab 3000) 
ad libitum.
Tissue Collection
All animals were sampled within a time period two hours 
before the dark cycle began. Animals were anaesthetized with
14
diethyl ether and blood samples were taken from the renal 
artery. Blood samples were centrifuged in a Beckman Microfuge 
at 9000 x g immediately after collection. Sera were stored 
at -3 0 degrees C for hormone analysis (not part of the present 
study). Thyroid glands were collected by a longitudinal cut 
in the neck followed by removal of the steinocleidomastoideus, 
omohyoideus, and sternohyoideus muscles from the underlying 
trachea (Pitman, 1983). The cricoid cartilage was cut 
laterally, and a second lateral cut was made in the trachea 
4-5 tracheal rings below the thyroid (Pitman, 1983). The 
thyroid and trachea were removed, the thyroid was dissected 
from the trachea and immediately fixed in 2.5% glutaraldehyde 
in 0.1 M phosphate buffer for 2-4 hours. After removal of the 
thyroid gland, body weight and time of sacrifice were recorded 
and the animal was fixed in 10% buffered formalin.
The animals were left in 10% buffered formalin for at 
least 72 hours. After fixation, dissection of the testes and 
seminal vesicles or ovaries and uterus was completed. The 
reproductive organs were blotted dry with paper towels and 
weighed on a Fisher Scientific XA Analytical Balance to the 
nearest 0.1 mg.
Thyroid glands were fixed in 2.5% glutaraldehyde in 0.1 
M phosphate buffer for 2-4 hours and then rinsed with 0.1 M 
phosphate buffer. After rinsing, the thyroids were dehydrated
15
serially with 50%, 70%, and 80% ethyl alcohol, infiltrated, 
and then embedded in Historesin (LKB Bromma, Sweden). The 
embedded thyroids were sectioned at 5-8 urn and stained with 
toluidine blue.
Tissue Analysis
Thyroids taken from each animal were analyzed using the 
Bioquant IV image analyzer (R & M Biometrics, Inc.). After 
scanning all of the slides made from each thyroid gland, the 
three slides with the greatest amount of thyroid tissue 
present were selected for analysis. Twenty follicles in the 
three slides were selected for measurement. Parameters 
measured included; follicular cell height, total follicular 
area, colloidal area, and follicular cell area. Follicular 
cell height was obtained by measuring four cells, at right 
angles to one another, from each follicle measured in the 
sample. A total of 80 cell heights were measured for each 
animal. Follicular cell area was computed by the Bioquant IV 
system by subtracting colloidal area from total follicular 
area. The Bioquant IV was programmed to calculate the mean 
value + the standard deviation for all individual 
measurements.
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Statistical Methodology
Comparisons between body, reproductive organ, and 
accessory organ weights as well as mean follicular cell 
height, mean total follicular area, mean colloidal area, and 
mean cell area in each species were made with a one-way ANOVA 
and Tukey's test (SPSSX). Each sex was tested separately. 
A Student1s T-test was used for selected comparisons between 
species, sexes, and within groups of inhibited animals. A 
P<0.05 was considered statistically significant.
RESULTS
I. Peromyscus maniculatus bairdii
Mean body - weight of proven females was significantly 
(P<0.05) larger than inhibited females selected from assembled 
populations (Table 1) . Mean paired ovary weights and mean 
uterus weight of these inhibited females were significantly 
(P<0.05) smaller than proven, PTU-treated and T3-treated 
females (Table 1) . Mean thyroid follicular cell height of 
PTU-treated females was significantly (P<0.05) larger than T3- 
treated, inhibited, and proven females (Table 2) . Mean 
follicular area of PTU-treated females was significantly 
(P<0.05) greater than inhibited females (Table 2). There was 
no significant difference in mean colloid area between PTU- 
treated, T3-treated, inhibited, and proven females (Table 2). 
Mean follicular cell area of PTU-treated females was 
significantly (P<0.05) greater than T3-treated, population, 
and proven females (Table 2).
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Mean body weight, paired testis weights, and paired 
seminal vesicle weights of reproductively inhibited males 
selected from assembled populations were significantly 
(P<0.05) smaller than proven, PTU-treated, and T3-treated 
males (Table 3). Mean thyroid follicular cell height of PTU- 
treated males was significantly (P<0.05) larger than T3- 
treated, inhibited, and proven males (Table 4). Mean 
follicular area of PTU-treated males was significantly 
(P<0.05) greater than inhibited and proven males (Table 4). 
There was no significant difference in mean colloid area 
between PTU-treated, T3-treated, inhibited, and proven males 
(Table 4) . Mean follicular cell area of PTU-treated males was 
significantly (P<0.05) greater than T3-treated, inhibited, and 
proven males (Table 4).
Subsequent to comparisons above, it was apparent that 
inhibited males could be subdivided into two groups based on 
differences in gonad weight. Upon careful analysis, it was 
observed that some inhibited males selected from assembled 
populations had gonads that were the same size as had been 
previously reported, but some inhibited males selected from 
assembled populations had larger gonads than has ever been 
reported. This was supported by the fact that Bradley and 
Terman (1981c) reported mean testis and seminal vesicle 
weights for reproductively inhibited males selected from 
growing laboratory populations that were 4 0-55% smaller than
19
corresponding mean values for inhibited males from assembled 
2populations in the present study.
Therefore, inhibited males in the present study were 
subsequently evaluated as two separate groups (Table 5) . 
Group A consisted of inhibited males with a very small amount 
of reproductive development and were considered "drastically 
inhibited" animals (Table 5). Group B consisted of inhibited 
males that were "intermediately inhibited."
Group A males (drastically inhibited) had a significantly 
(P<0.01) smaller mean testis weight than Group B males 
(intermediately inhibited) and tended (P<0.1) to have smaller 
mean body and seminal vesicle weights. Compared with 
population inhibited animals reported from Bradley and Terman 
(1981c), Group A was not significantly different in terms of 
mean body, testis, and seminal vesicle weights. 
Histologically, Group A tended (P<0.1) to have a smaller mean 
follicular cell height than Group B. Group A males had 
significantly (P<0.01) smaller mean follicular cell height 
than proven males.
Unlike the condition in males, females from assembled 
populations in the present study showed no statistically 
significant differences in body, ovarian, and uterine weights 
from P. maniculatus population inhibited females reported by
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Bradley and Terman (1981c). Inhibited females in the present 
study were a much more homogenous group than inhibited males 
(Table 6).
II. Peromvscus leucopus noveboracensis
Mean paired ovary weights of PTU-treated females were 
significantly (P<0.05) larger than T3-treated and 
reproductively inhibited females selected from assembled 
populations (Table 7). Mean paired ovary weights of proven 
females were significantly (P<0.05) larger than T3-treated and 
inhibited females (Table 7). Mean uterus weight of inhibited 
females was significantly (P<0.05) smaller than PTU-treated 
and proven females (Table 7). Mean follicular cell height of 
PTU-treated females was significantly (P<0.05) larger than T3- 
treated, inhibited, and proven females and mean follicular 
cell height of proven females was significantly (P<0.05) 
larger than T3-treated females (Table 8) . Mean follicular 
area of PTU-treated females was significantly (P<0.05) greater 
than T3-treated, inhibited and proven females (Table 8) . Mean 
colloidal area of PTU-treated females was significantly 
(P<0.05) greater than proven and inhibited females (Table 8). 
Mean follicular cell area of PTU-treated females was 
significantly (P<0.05) greater than T3-treated, inhibited, and 
proven females (Table 8).
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Mean body weight of inhibited males from assembled 
populations was significantly (P<0.05) smaller than T3-treated 
and proven males (Table 9). Mean paired testis weights and 
paired seminal vesicle weights of inhibited males were 
significantly (P<0.05) less than PTU-treated, T3-treated, and 
proven males (Table 9). Mean paired seminal vesicle weights 
of T3-treated males were significantly (P<0.05) less than 
proven males (Table 9) . Mean follicular cell height and mean 
follicular area of PTU-treated males were significantly 
(P<0.05) larger than T3-treated, inhibited, and proven males 
and mean follicular cell height of T3-treated males was 
significantly (P<0.05) less than proven and inhibited males 
(Table 10). Mean colloidal and follicular cell area of PTU- 
treated males was significantly (P<0.05) greater than T3- 
treated, inhibited, and proven males (Table 10).
Subsequent to comparisons above, P. leucopus males and 
females from assembled populations were also separated into 
Groups A (drastically inhibited) and B (intermediately 
inhibited) based upon gonad weight (Tables 11 and 12) . 
Compared with Group A, males in Group B had significantly 
(P<0.001) larger mean testis and seminal vesicle weights and 
a significantly (P<0.05) larger mean follicular cell height 
(Table 11). When compared with proven males, Group B had a 
significantly (P<0.01) larger mean follicular cell height.
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Compared with Group A, females in Group B had 
significantly (P<0.01) larger mean ovarian and uterine weights 
and significantly (P<0.05) larger mean follicular cell height. 
There were no statistically significant differences between 
Groups A or B and proven females in histology.
III. Comparisons
A. Between Species
P. maniculatus inhibited males had a significantly 
(P<0.05) smaller mean body weight than P. leucopus inhibited 
males. P. maniculatus proven females had a significantly 
(P<0.01) smaller mean paired ovary weight and a significantly 
(P<0.05) smaller mean uterine weight than P. leucopus proven 
females. No other selected comparisons were significantly 
different.
B. Histology Between Sexes
P. maniculatus proven males had significantly (P<0.05) 
larger mean follicular cell height than P. maniculatus proven 
females. No other histological parameters were significantly 
different between males and females in P. maniculatus.
23
P. leucopus inhibited females from assembled populations 
had significantly (P<0.05) larger mean cell area than P. 
leucopus inhibited males. No other histological parameters 
were significantly different between males and females in P. 
leucopus.
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Table 5
Individual Animal Numbers, Body Weights, Paired Testis 
Weights, Paired Seminal Vesicle Weights, and Follicular Cell 
Heights of Peromvscus maniculatus bairdii Inhibited Males, 
Groups A and B.
Paired Paired
Animal Body Testis Seminal Vesicle
Number Weight Weight Weight Cell Height
(g) (mg) (mg) (um)
Group A
320
330
430
14.5 
15.9
12.6
46.7
21.1
52.0
2.6
3.1
3.82
3.62
2.93
mean 14.3** 
SD 1.66
39.9
16.5
2 .9** 
.35
3.46**
.467
Group B
420
437
416
17.1
17.8
16.0
155.3
147.7
101.0
50.0
24.2
14.6
3.83
4.46
4.19
mean
SD
17.0
.907
134.7
29.40
29.6
18.3
4.16
.316
*P<0.01 with respect to corresponding Group B value
**P<0.1 with respect to corresponding Group B value
Table 6
Individual Animal Numbers, Body Weights, Paired Ovary Weights, 
and Uterus Weights in Peromvscus maniculatus bairdii Inhibited 
Females.
Animal Body Paired Ovary Uterus
Number Weight (g) Weight (mg) Weight (mg)
441 18.7 4.9 10.7
419 12 .8 3.6 10.7
435 14.5 1.7 3.9
333 14.2 3.6 9.6
337 16.4 3.1 7.3
327 14.7 - 1.6
335 13.5 2.9 5.4
mean 15.0 3.3 7.0
SD 1.99 1.0 4.0
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Table 11
Individual Animal Numbers, Body Weights, Paired Testis 
Weights, Paired Seminal Vesicle Weights, and Cell Heights of 
Peromvscus leucopus noveboracensis Inhibited Males, Groups A 
and B.
Paired Paired
Animal Body Testis Seminal Vesicle
Number Weight Weight Weight Cell Height
(g) (mg) (mg) (urn)
Group A
726 18.1 21.4 2.7 4.30
827 15.8 17.0 2.4 4.63
833 15.0 27.8 2.4 4.10
735 18.9 37.6 4.9 4 .29
718 17.0 14. 0 1.3 4.29
mean 17.0 23.6** 2.7** 4.32*
SD 1.60 9.41 1.3 . 191
Group B 
723 17.3 131.4 17.2 4.57
819 17.9 93.3 17.9 5.73
829 19.0 112.3 13.2 5.26
mean 18.1 112.3 17.6 5.19
SD .862 19.05 4.67 .583
*P<0.05 with respect to the corresponding Group B value
**P<0.001 with respect to the corresponding Group B value
Table 12
Individual Animal Numbers, Body Weights, Paired Testis 
Weights,Paired Seminal Vesicle Weights, and Cell Heights of 
Peromvscus leucopus noveboracensis Inhibited Females, Groups 
A and B.
Animal Body Paired Ovary uterus Cell
Number Weight Weight Weight Height
(g) (mg) (mg) (um)
Group A
820 14.8 2.2 9.6 3.29
832 14.7 1.9 5.4 3.37
823 15.0 2 . 6 5.2 3.64
824 16.1 1.5 4.1 2.88
mean 15.2 2. 1** 6.1** 3.30*
SD 0.645 .47 2.4 0.315
Group B 
732 16.5 6.3 17.8 3 .80
736 17.3 4.2 12.3 4.22
720 18.5 5.1 17.1 4.99
mean 17.4 5.2 15.7 4. 34
SD 1.01 1.1 2.99 0.604
*P<0.05 with respect to the corresponding Group B value
**P<0.01 with respect to the corresponding Group B value
DISCUSSION
Earlier studies (Terman, 1969? Sung et al., 1977? Bradley 
and Terman, 1981 a, b, c? Coppes and Bradley, 1984? Peebles 
et al. , 1984? Pitman and Bradley, 1984) have shown that P.
maniculatus reproductively capable control males and females 
have significantly larger reproductive and accessory organ 
weights compared with reproductively inhibited population 
males and females born into freely growing laboratory 
populations. P. maniculatus inhibited animals in the present 
study also exhibited significantly (P<0.05) reduced body and 
gonad weights compared with proven animals. However, these 
animals were selected from populations that were assembled 
from young varying in age from 3 0 to 90 days old and did not 
exhibit the same degree of reproductive inhibition as 
demonstrated in earlier studies.
In other studies done with P. leucopus, Wolfe (1981), 
Ransone (1988), and Peden (1988) found that reproductively 
inhibited males and females from growing laboratory 
populations had significantly smaller body and gonad weights
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compared with control males and females. Comparisons of P. 
leucopus inhibited animals from assembled populations in this 
study showed that the body weight of proven animals was not 
significantly different in females but was significantly 
(P<0.05) larger in males. Reproductive and accessory organ 
weights in proven animals were significantly (P<0.05) larger 
compared with inhibited animals from assembled populations in 
both sexes.
Previous studies have also demonstrated that reproductive 
inhibition in laboratory populations of P. maniculatus and P. 
leucopus is accompanied by depressed levels of thyroid
4
hormones in both species. In P. maniculatus. Peebles et al. 
(1984) determined that the mean serum thyroxine concentration 
was significantly (P<0.03) reduced in population males and 
tended (P<0.1) to be reduced in population females compared 
with controls at the time of day that it was sampled. Pitman 
and Bradley (1984), also working with P. maniculatus. found 
that mean serum thyroxine and mean serum T3 concentrations 
in inhibited population females were significantly (P<0.001, 
0.015, respectively) reduced compared with controls. In 
inhibited population males, serum thyroxine and serum T3 
concentrations were significantly (P<0.001) reduced compared 
with controls. In P. leucopus, Peden (1988) determined that 
population males had significantly (P<0.05) reduced serum 
total thyroxine than controls and population females tended
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(P=0.1) to have reduced serum total thyroxine compared with 
controls. If reproductively inhibited animals from assembled 
populations in this study are reproductively inhibited in a 
manner similar to animals taken from freely growing laboratory 
populations, then they may also have depressed thyroid hormone 
levels as compared with controls and thus may have a 
hypofunctional thyroid gland.
Hypothyroidism can be induced by treatment with anti- 
thyroid drugs, which interfere with thyroid hormone synthesis 
and secretion. PTU-treatment in rats is characterized by an 
increase in thyroid weight (Seegar et al., 1946? Wollman and 
Breitman, 1970; Takayama et al., 1986; Emerson et al., 1989; 
Gaitan, 1988), a decrease in serum T3 and T4 concentrations 
(Takayama et al. , 1986) , and an increase in serum TSH
concentration (Griessen and LeMarchand-Beraud, 1973? Frumess 
and Larsen, 1975? Cooper et al. , 1983; Takayama et al. , 1986). 
Histologically, PTU-treated rats reflect the increase in TSH 
secretion caused by the drug, exhibiting decreased amounts of 
colloid, an increase in follicular cell height, and an 
increase in follicular cell numbers (Astwood et al. , 1943?
MacKenzie and MacKenzie, 1943? Higgins et al., 1951; Wollman 
and Breitman, 1970; Takayama et al., 1986). Increased cell 
height is believed to be caused by the increase in secretion 
of TSH from the pituitary (Valente et al., 1983? Takayama et 
al., 1986).
39
Depressed thyroid gland function may also result from 
lack of TSH stimulation due to hypopituitarism (De Visscher 
and Inglebleek, 1980; Reichlin, 1986). This can be induced 
by administration of thyroid hormones (Tice, 1977). 
Histologically, the absence of TSH is reflected in 
hypophysectomized rats by flat follicular cells and distended 
colloid (Halmi, 1986). Administration of thyroxine results 
in a thyroid gland that resembles a thyroid gland after 
hypophysectomy (Tice, 1977). Therefore, T3-treatment should 
also result in a thyroid gland that exhibits a decrease in 
cell height.
Thyroid gland cell height and cell area seem to reflect 
the difference in probable TSH stimulation caused by the two 
treatments in both species of Peromvscus. Mean follicular 
cell height of T3-treated animals was significantly (P<0.05) 
smaller than PTU-treated animals. In fact, mean follicular 
cell height of T3-treated animals was less than half of the 
mean value of follicular cell height of PTU-treated animals. 
Mean cell area was also significantly (P<0.05) smaller in T3- 
treated groups compared with PTU-treated groups. In P. 
maniculatus. there was no significant difference in follicular 
or colloid area between PTU- and T3- treated animals. In P. 
leucopus, total follicular area of T3-treated females was 
significantly (P<0.05) smaller than PTU-treated females, and 
both total follicular and colloid area in T3-treated males
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were significantly (P<0.05) smaller than PTU-treated males. 
This is the opposite of what is observed in rats (Astwood et 
al. , 1943; MacKenzie and MacKenzie, 1943; Higgins et al. ,
1951; Wollman and Breitman, 1970; Halmi, 1986; Takayama et 
al. , 1986) . It is possible that the histology of both species 
of Peromvscus reflects elevated versus suppressed TSH levels 
in terms of cell height and cell area but not colloid area. 
Both sexes of both species clearly show an appropriate 
increase or decrease in cell height corresponding with the 
presumed increase and decrease in TSH levels.
Although the animals treated with PTU and T3 showed 
significant differences in thyroid histology indicating the 
expected responses, the reproductively inhibited animals 
selected from assembled populations compared with proven 
animals of both sexes in both species were not significantly 
different in terms of any histological parameter. Whether 
this indicates that the histology of the thyroid does not 
reflect the gland's activity or that the thyroids in this 
particular group of inhibited animals were not hypofunctional 
is not clear from these data. It was apparent that the degree 
of reproductive inhibition was variable within the 
reproductively inhibited group.
For example, inhibited P. maniculatus males exhibited a 
dichotomy in reproductive organ weights and were subsequently
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evaluated as "drastically" (Group A) and "intermediately" 
(Group B) inhibited animals. P. maniculatus males in Group 
A tended (P<0.1) to have a smaller mean follicular cell height 
than Group B, and Group A had a significantly (P<0.01) smaller 
mean follicular cell height than proven males. This indicates 
that more reproductively inhibited males received less TSH 
stimulation of the thyroid gland. Inhibited and proven males 
were not significantly different histologically from T3- 
treated males, an induced hypothyroid condition characterized 
by suppressed TSH levels. These data suggest that drastically 
inhibited P. maniculatus males may demonstrate a hypothyroid 
condition associated with suppressed TSH levels as reported 
by Pitman and Bradley (1984).
Both sexes of inhibited P. leucopus were separated into 
Groups A (drastically inhibited) and B (intermediately 
inhibited). When they were compared, males and females in 
Group A had significantly (P<0.05) smaller mean follicular 
cell height than Group B. Hence, the P. leucopus animals with 
less reproductive development appear to be receiving less TSH 
stimulation of the thyroid gland. Both inhibited P. leucopus 
males and females appear to have a hypothyroid condition 
associated with suppressed levels of TSH.
Data from the present study indicate that less 
developed males in both species receive less TSH stimulation
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of the thyroid gland, a condition similar to that induced by 
exogenous T3-treatment. However, P. leucopus males may 
respond more to T3-treatment than P. maniculatus males. P. 
leucopus inhibited and proven males had significantly (P<0.05) 
larger mean follicular cell heights than T3-treated males, 
indicating more TSH stimulation of the thyroid gland in both 
groups than is present in the drug-induced secondary 
hypothyroid condition. However, inhibited P. maniculatus and 
proven males did not have significantly different mean 
follicular cell heights from T3-treated males. Because of 
this difference between the species, it appears that T3- 
treated P. leucopus males may exhibit a higher degree of TSH 
suppression than T3-treated P. maniculatus males. If all 
animals ate the treated food according to their caloric 
requirements, it may be assumed that treated animals dosed 
themselves proportionately to body weight, making relative 
doses of the drug similar across species and sexes. 
Therefore, P. leucopus males must respond more to T3-treatment 
than P. maniculatus males.
P. leucopus inhibited animals demonstrated an interesting 
phenomenon that P. maniculatus inhibited animals did not. 
Males from Group B had a significantly (P<0.05) larger mean 
follicular cell height than Group A and a significantly 
(P<0.01) larger mean follicular cell height than proven males, 
indicating that males in an intermediate stage of development
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were receiving the most TSH stimulation of the thyroid gland. 
Females from Group B had a significantly (P<0.05) larger mean 
follicular cell height than Group A and, although not 
significantly different, Group B had a mean follicular cell 
height that was 89% larger than proven females. This 
indicates that P. leucopus females in an intermediate stage 
of reproductive development may also have an increased amount 
of TSH stimulation to the thyroid gland. It is possible that 
when developing more pronounced reproductive organs, P. 
leucopus inhibited animals of both sexes experience an 
increase in TSH release from the pituitary.
Thyroid dysfunction in both species of Peromvscus may 
be due to an interaction between the adrenal gland and the 
thyroid gland. Population inhibited P. maniculatus exhibit 
elevated serum corticosterone concentrations (Sung, et al., 
1977; Bradley and Terman, 1981a). Investigators have found 
that increased levels of glucocorticoids suppress pituitary 
TSH secretion in laboratory animals (Wilber and Utiger, 1969; 
Pamenter and Hedge, 1980; Bianco et al., 1987). If
glucocorticoids decrease serum TSH concentration in P. 
maniculatus and P. leucopus. the subsequent decrease in 
thyroid hormones could affect gonadotrophic activity in the 
pituitary.
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Malfunction of the pituitary gland triggered by depressed 
thyroid hormone levels may be a causative agent in the 
decrease of reproductive organ weights found in both species 
of reproductively inhibited Peromvscus. Thyroidectomized 
male rats exhibit atrophied gonads with a concomitant 
decrease in gonadotrophic activity of the pituitary (Stein and 
Lisle 1942; Contopoulos, 1958). Hypothyroidism may decrease 
metabolic clearance of gonadal steroids by the liver in rats, 
resulting in increased feedback inhibition of gonadal steroids 
on gonadotrophin secretion by the pituitary (Bruni et al. , 
1975). Hagino (1971) proposed that " . . .  continuous 
exposure of the CNS controlled pituitary system to thyroid 
hormone had an important role in the neural regulation of 
gonadotrophin secretion." If P. maniculatus and P. leucopus 
born into a growing laboratory population, as in other 
studies, are hypothyroid before the onset of puberty and 
remain in such a state, then the lack of thyroid hormone 
stimulation to the pituitary could be responsible for the 
decrease in gonad weights seen when these animals are compared 
with reproductively capable controls.
If decreased levels of TSH are present in population 
inhibited animals of both species of Peromvscus due to 
increased levels of glucocorticoids, the condition of the 
thyroid gland would resemble a hypothyroid condition 
characterized by suppressed levels of TSH. This speculation
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is supported by the data in the present study where P. 
maniculatus males in Group A (drastically inhibited) and P. 
leucoous males and females in Group A had smaller mean 
follicular cell heights than Group B (intermediately 
inhibited), indicating that drastically inhibited animals 
receive less TSH stimulation than animals that are fully 
developed or are growing.
Decreased levels of TSH would result in suppression of 
thyroid gland release of hormones, which is in accordance with 
previous findings of reduced levels of thyroid hormones in 
both species of Peromvscus (Peebles et al., 1984? Pitman and 
Bradley, 1984; Peden, 1988). Although previous data indicate 
that there is thyroid dysfunction present in reproductively 
inhibited animals, that data as well as the data presented 
here do not definitively indicate that the thyroid gland is 
directly involved in inhibition of the reproductive organs. 
The histological data presented here for inhibited males and 
females do not indicate a correlation between thyroid function 
and reproductive status. Although the data on Groups A and 
B in both species support the notion that TSH may be depressed 
in inhibited animals, additional studies with larger numbers 
of inhibited animals at a younger age need to be done. 
Clearly, the definitive resolution will not be found until an 
antibody that reacts with Peromvscus TSH is found.
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